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Abstract
Objectives—Motor vehicle collisions (MVCs) are the second most common cause of non-fatal
injury among U.S. adults age 65 years and older. However, the frequency of emergency
department (ED) visits, disposition, pain locations, and pain severity for older adults experiencing
MVCs have not previously been described. The authors sought to determine these characteristics
using information from two nationally representative data sets.
Methods—Data from the 2008 Healthcare Cost and Utilization Project Nationwide Emergency
Department Sample (NEDS), and the National Hospital Ambulatory Medical Care Survey
(NHAMCS), were used to estimate MVC-related ED visits and ED disposition for patients 65
years and older. NHAMCS data from 2004 through 2008 were used to further characterize MVC-
related ED visits.
Results—In 2008, the NEDS contained 28,445,564 patient visits, of which 760,356 (2.7%) were
due to MVCs. The NHAMCS contained 34,134 patient visits, of which 1,038 (3.0%) were due to
MVCs. National estimates of MVC-related ED visits by patients 65 years and older in 2008 are
226,000 (95% CI = 210,000 to 240,000), for NEDS and 270,000 (95% CI = 185,000 to 355,000)
for NHAMCS. Most older adults with MVC-related ED visits were sent home from the ED
(proportion discharged NEDS 78%, 95% CI 78% to 79%; NHAMCS 77%, 95% CI 66% to 86%).
During the years 2004 through 2008, of MVC-related ED visits by older adults not resulting in
hospital admission, moderate or severe pain was reported in 61% (95% CI = 52% to 70%) of those
with recorded pain scores. Older patients sent home after MVC-related ED visits were less likely
than younger patients to receive analgesics (35%, 95% CI 26% to 43% vs. 47%, 95% CI 44% to
50%) during their ED evaluations, or as discharge prescriptions (52%, 95% CI 41% to 62% vs.
65%, 95% CI = 61% to 68%).
Conclusions—In 2008, adults age 65 years or older made more than 200,000 MVC-related ED
visits. Approximately 80% of these visits were discharged home from the ED, but the majority of
discharged patients reported moderate or severe pain. Further studies of pain and functional
outcomes in this population are needed.
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Injuries are a growing and under-recognized problem among older adults in the United
States.1,2 Older women have replaced young men as the demographic group most frequently
hospitalized due to injury, and the Medicare cost of injuries among individuals age 65 or
older now exceeds $8 billion annually.3–5 Motor vehicle collisions (MVCs) are the most
common cause of fatal injury in older adults, and are second only to falls as a cause of non-
fatal injury.1 The high rate of MVC-related injury in older adults reflects in part a higher rate
of police-reported and fatal crashes in adults 65 or older as compared to younger adults.6 As
a result of projected growth in the population of older adults and an increase in the number
of miles driven, older adult involvement in police-reported crashes is projected to double
between 2010 and 2030.6
Although outcomes for older adults experiencing MVCs requiring trauma center admission
have been described,7 less is known about outcomes for older adults seeking ED evaluation
after MVCs but not requiring hospital admission (so-called “minor” MVC patients). This
population is important because persistent pain and disability are well-documented sequelae
after minor MVCs in younger adults,8,9 and available data suggest that these outcomes are
likely to be even more common and disabling in older adults.8,10–13 A description of the
epidemiology of minor MVCs in older U.S. adults would provide a better understanding of
the potential effect of such MVCs on the health of this large and growing population.
Two nationally representative data sets contain the necessary information to describe the
epidemiology of minor MVCs in older U.S. adults: the Healthcare Cost and Utilization
Project (HCUP) Nationwide Emergency Department Sample (NEDS) and the National
Hospital Ambulatory Medical Care Survey (NHAMCS). Other nationally representative
data sets characterize EDs, but not ED visits, or only characterize those ED visits in which
an injury is diagnosed.14 The NEDS and NHAMCS data sets provide patient ages, causes of
injury, disposition (i.e. hospital admission or discharge to home), and a weighting system
that allows calculation of nationally representative estimates. Comparison of estimates of
annual total ED visits from these two data sets have been described,15 but to our knowledge,
comparative estimates of the number of ED visits due to a specific injury mechanisms have
not been examined.
The primary purpose of this study was to obtain estimates of the number of MVC-related
ED visits by adults age 65 and older in the United States. Secondarily, we sought to
characterize MVC-related ED visits by older adults in regard to arrival mode and time, rates
of discharge to home, and pain location, severity, and management.
METHODS
Study Design
This was a retrospective database study and was exempted from formal review by the
institutional review board at the University of North Carolina at Chapel Hill.
Study Setting and Population
We examined two data sets, NEDS and NHAMCS, which provide nationally representative
estimates of the number of U.S. ED visits and include patient age and cause of injury. We
use 2008 data from each of these data sets to describe the number of ED visits and the
proportion of patients sent home from the ED. Further, we use NHAMCS data from 2004
through 2008 to characterize these visits in regard to patient demographics and pain location
and severity, and data from 2006 through 2008 to characterize pharmacologic pain
management.
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Age was divided into two categories: 18 to 64 years and ≥65 years. Involvement in an MVC
was determined using ICD-9-CM injury codes indicating injury due to MVC (NHAMCS
‘cause of injury recode’ E810–E819.9). This category includes both drivers and passengers,
motorcyclists, and bicyclists and pedestrians hit by cars; it does not involve ED visits due to
bicycle accidents not involving cars.16 “Discharged home from the ED” excluded patients
who were transferred to another facility or who died in the ED.
Data Sets Studied
The NEDS, an annual survey sponsored by the Agency for Healthcare Research and Quality,
is compiled annually from the HCUP State Emergency Department Databases and State
Inpatient Databases; it contains information on approximately 20% of all ED visits
nationally. In 2008, the NEDS included visits from 980 EDs in 28 states. The sample is
stratified by geographic region, trauma center designation, urban-rural hospital location,
medical school affiliation, and hospital ownership.17 Further description of the NEDS study
and data is available on the NEDS website.17
The NHAMCS is an annual survey designed by the National Center for Health Statistics and
administered by the U.S. Census Bureau to characterize ambulatory care services at U.S.
hospitals. In 2008, NHAMCS collected information about all visits during randomly
assigned four-week periods from 357 U.S. EDs at non-institutional general and short-stay
hospitals, excluding federal, military, and Veterans Administration hospitals. All data were
collected by hospital staff members trained specifically for this survey. The NHAMCS uses
a four-stage probability sampling design to obtain estimates of national ED visits. A detailed
description of the NHAMCS methodology is available from the National Center for Health
Statistics.18
Outcome Measures and Definitions
To determine the total number of MVC-related ED visits, data from 2008 were analyzed
because this was the most recent year in which data from both data sets were available. The
NHAMCS data from 2004–2008 were used to characterize MVC-related ED visits by older
and non-elderly adults in order to ensure sufficient numbers of patients to obtain reliable
estimates. Characteristics examined included patient demographics, pain location, pain
severity, and analgesia administration. The NEDS data set was not analyzed for secondary
outcomes because these variables are not present in the NEDS data set.
Night arrival was defined as an ED arrival occurring after 9 p.m. and before 6 a.m. Pain
location was determined from up to three reason-for-visit codes recorded for each visit.
Thus, a patient might have three different pain locations. The NHAMCS categorizes pain
severity as none, mild, moderate, severe, or missing. We present estimates of the proportion
of patients with moderate or severe pain, both using the assumption that patients with
missing data had no pain, and excluding patients with missing pain severity data.
Medications were categorized based on the eight drug ID code variables available for each
visit. Whether the medication was given in the ED or as a discharge prescription was
determined using the gpmed variable. Analysis of medications was limited to years 2006 to
2008, since 2006 was the first year in which the NHAMCS differentiated between ED and
discharge medications, and used generic medication codes. Analgesics were classified as
either an opioid, a nonsteroidal anti-inflammatory drug (NSAID), or acetaminophen. Visits
in which patients received combination analgesics were recorded as receiving both an opioid
and either an NSAID or acetaminophen, as appropriate.
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All analyses were conducted using Stata IC 11.0 (StataCorp, College Station, TX). HCUP
data were purchased and transferred from an Excel file (Microsoft Corporation, Redmond,
WA) to Stata. The NHAMCS data were accessed using SAS (SAS Institute Inc, Cary, NC)
and transferred to Stata. All analyses used survey procedures with the weights, strata, and
primary sampling unit design variables provided by the NHAMCS. For both NEDS and
NHAMCS analyses, estimates of population totals and their 95% confidence intervals (CI)
were calculated using the Stata command svy:total.19 Characteristics of older and non-
elderly adults with MVC-related visits are presented along with 95% CI, which were
calculated using the Stata command svy: proportion. All results are based on categories
containing at least 30 visits, and with relative standard errors less than 30%.
RESULTS
In 2008, NEDS collected data on 28,445,564 patient visits, and NHAMCS collected data on
34,134 patient visits. Using survey weights and consistent with published results, we
estimated the total U.S. ED visits in 2008 to be 124.9 million and 123.8 using NEDS and
NHAMCS, respectively (Table 1).20,21 Of these, individuals 65 and older made an estimated
21.3 million (17.1%) and 19.3 million (15.6%) ED visits, and an estimated 226,000 (95% CI
210,000 to 240,000) and 270,000 (95% CI 185,000 to 355,000) MVC-related ED visits,
respectively, based on NEDS and NHAMCS. Of these MVC-related ED visits by older
adults, the majority were discharged home: NEDS 79% (95% CI 79% to 80%), and
NHAMCS 77% (95% CI 66% to 86%).
Weighted estimates of MVC-related ED visits by adults age 65 or older for the years 2004
through 2008 obtained using NHAMCS indicate that the majority were female and white
(Table 2). Only 5 of the 369 visits in the sample of MVC-related ED visits by older adults
were by patients residing in nursing homes. Half of older adults came to the ED by
ambulance, a higher percentage than for younger patients, and older adults were less likely
to present to the ED at night. Older adults were more likely to report chest pain and less
likely to report back pain than younger patients. Neck pain, the most common site of
persistent pain in non-elderly adults involved in MVCs,8 was as common in older adults as it
was in younger adults. Moderate or severe pain was reported in 47% (95% CI 41% to 54%)
of all MVC-related ED visits by older adults and 62% (95% CI 54% to 70%) of visits in
which a pain severity score was available. Among MVC-related ED visits by older patients
in which the patient was sent home and for which a pain severity score was available, 61%
(95% CI 52% to 70%) had moderate or severe pain.
Of patients sent home after MVC-related visits, analgesics were provided in the ED to 35%
(95% CI 26% to 43%) of older adults vs. 47% (95% CI 44% to 50%) of non-elderly adults
(Figure 1). Among older adults discharged home after MVC-related ED visits and reporting
moderate or severe pain, 37% (95% CI 26% to 48%) received analgesics in the ED and 62%
(95% CI 51% to 72%) received prescriptions for analgesics to take at home. For younger
discharged patients with moderate or severe pain, 55% (95% CI 52% to 59%) received
analgesics in the ED and 70% (95% CI 66% to 74%) received prescriptions for analgesics to
take at home.
DISCUSSION
We found that patients 65 years or older made an estimated 226,000 and 270,000 MVC-
related ED visits in 2008 using NEDS and NHAMCS, respectively. Moderate or severe pain
was reported in more than half of the visits by older adults for whom a pain score was
available, and neck or back pain was reported in more than a third of visits. Most older
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adults are discharged home after MVC-related ED visits, but only about half of these
patients are sent home with prescriptions for pain medication. Even among older adults with
moderate or severe pain in the ED, more than a third were not sent home with pain
medication.
Among younger adults experiencing MVCs, severity of initial pain has been shown to be the
dominant risk factor for persistent pain,22 and the neck and back are the most common
locations of persistent pain.22,23 Our results suggest that a substantial number of older adults
involved in MVCs each year are at risk for the transition to persistent pain. Further, given
the association between persistent pain and functional limitations in older adults,24,25
persistent pain may lead to functional decline in these individuals. Despite this, to the best of
our knowledge, to date no studies have examined the incidence and predictors of persistent
pain and functional decline in older adults experiencing minor MVCs. Such studies are
important because substantial data indicate that the incidence and predictors of persistent
pain in older and younger adults may differ,26–28 and because the failure to effectively treat
acute pain in older adults is common29 and may predispose patients to functional decline.25
The NEDS and NHAMCS estimates of total U.S. ED visits in 2008 differ by less than 1%
(124.9 vs. 123.8 million). However, we found an approximately 20% difference in the point
estimates of ED visits by older patients due to MVCs (226,000 vs. 270,000 visits). Since the
confidence intervals for the NHAMCS estimate encompass both the upper and lower bounds
of the estimate for the NEDS estimate, there is not a statistical difference between the two
estimates. Hence, the most likely explanation for the discrepancy in the point estimates from
these two surveys is poor precision in the estimate using the NHAMCS data set due to the
small sample size. Other possible explanations for the disparities in the point estimates
include differences in data collection, weighting, or the selection of geographic regions
sampled. Given the much larger sample size obtained using NEDS, 226,000 is probably the
best available estimate of MVC-related ED visits by individuals 65 years or older in 2008.
Assuming no changes in the proportion of older adults who are involved in MVCs or seek
ED evaluation, the projected 78% increase in the population of adults 65 years and older
between 2010 and 203030 will results in an increase in MVC-related ED visits from
approximately 226,000 to about 400,000. This projection is likely conservative given the
anticipated increase in the proportion of active, independent older adults over the coming
decades and the projected doubling of police-reported crashes over the same time period.6
Thus, emergency care and rehabilitation of older adults with MVC-related injuries is likely
to be an increasingly important element of health care in the coming decades and an
important component of the growing epidemic of injuries in older U.S. adults.3,31,32
The percentage of older adults with MVC-related ED visits arriving by ambulance in this
study (55%; 95% CI 48% to 61%) is slightly higher than estimates of ambulance use by
adults 65 years and older presenting to the ED in general (38% to 43%).33,34 The higher rate
of ambulance transport in older vs. non-older adults that we observe is consistent with
previously reported differences in emergency medical services use by older vs. younger
adults,33 and may reflect either a higher rate of severe injuries, or increased concern about
occult injury in older individuals. Arrival to the ED at night was less common in older adults
than younger adults. Most likely this represents reduced driving by older adults at night.
Self-regulation to avoid driving during poor lighting conditions may contribute to this
difference.35,36
In the present study, the rate of ED analgesic administration for patients with MVC-related
ED visits was low overall, and lower in older than in younger adults. This difference is
consistent with analyses of analgesia administration among older vs. younger patients for
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pain-related ED visits in general.29 Given evidence that persistent pain may be a substantial
problem in older individuals experiencing minor MVCs, and that effective treatment of
acute pain may reduce the risk of chronic pain, studies evaluating methods to improve acute
pain management in this population are warranted.
LIMITATIONS
Some limitations of our analyses reflect the limited information provided in the NEDS and
NHAMCS databases.37 We do not know details of the MVCs, including whether the patient
was a driver or passenger, why some patients with pain did not receive analgesics, or
whether recipients of analgesics experienced effective relief of pain during their ED visits.
As has previously been described using NHAMCS data, pain severity data were more likely
to be missing in older than younger adults.38 Although we present both the proportion of the
total sample with moderate or severe pain, and the proportion among those reporting pain,
we favor the latter estimate. Missing pain data in NHAMCS has been associated with visits
by older patients, self-pay patients, and higher illness or injury severity.38 Additionally,
among NHAMCS visits in which pain was part of the chief complaint, pain scores were
missing in 17% to 24% of adults.29 Thus, missing pain scores in NHAMCS are likely a
failure to record pain scores rather than the absence of pain. Although NHAMCS uses a
nationally representative sampling method, the small number of MVC-related visits by
patients 65 years or older in the sample resulted in broad CIs around estimates of total visits
and the characteristics of these patients. We used the publicly available, masked NHAMCS
data, meaning that the four stratification variables are simplified into a clustered sampling
scheme to prevent identification of the study hospitals. Use of masked data has a minimal
effect on point estimates, but increases the confidence intervals by 12% to 45% when
compared to unmasked data.39
This analysis relies in ICD-9 injury codes to identify MVC-related ED visits from both the
NHAMCS and HCUP datasets. Although these codes are generally considered reliable,40
injury codes may not capture all patients experiencing MVCs, and so may result in an
underestimate of the actual number of patients with MVC-related ED visits. Similarly, we
defined analgesic as an opioid, NSAID, or acetaminophen. This approach would not capture
patients who received other forms of analgesics such as muscle relaxants or non-
pharmacologic pain management. The National Electronic Injury Surveillance System – All
Injury Program (NEISS-AIP) data set, which also contains patient-level data based on a
nationally representative survey of ED visits, was not examined in this study because it is
restricted to patients diagnosed with injuries. Because persistent pain after MVCs often
occurs in patients without identified injuries, this restriction would underestimate the
number of older adults experiencing MVCs and at risk for adverse health outcomes after
MVCs.
CONCLUSIONS
Adults age 65 years or older made an estimated 210,000 to 240,000 MVC-related ED visits
in 2008. Most of these patients were discharged to home after ED evaluation. Although
moderate or severe pain was common among these patients, only a minority were treated
with pain medication during their ED visits. Further research is needed to assess long-term
pain and functional outcomes in this important, growing, and vulnerable population.
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Among Adult Patients Sent Home after MVC-related ED Evaluation, Proportions and 95%
CIs of Patients Receiving Analgesic Medications by Age Category, Analgesic Type, and
Administration in the ED or as a Discharge Prescription, NHAMCS 2006–2008.
a) ED Medications
b) Discharge Medications
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Table 1
Sample Numbers and Population Estimates for All Emergency Department Visits, MVC-Related Visits, and
Discharged MVC-Related Visits by Age Category, NEDS, and NHAMCS 2008.
Age, yrs NEDS NHAMCS
Sample Population × 106 (95% CI) Sample Population × 106 (95% CI)
All Visits
 <18 5,980,722 26.4 (24.6–28.3) 7,438 27.9 (23.9–31.8)
 18–64 17,605,186 77.2 (73.7–80.7) 21,489 76.6 (68.6–84.6)
 ≥65 4,859,656 21.3 (20.3–22.4) 5,207 19.3 (17.3–21.2)
 Total 28,445,564 124.9 (119.7–130.2) 34,134 123.8 (111.5–136.0)
MVC-Related Visit*
 <18 110,341 0.49 (0.46–0.52) 149 0.59 (0.438–0.734)
 18–64 598,829 2.63 (2.49–2.77) 823 3.08 (2.62–3.55)
 ≥65 51,246 0.23 (0.21–0.24) 66 0.27 (0.185–0.355)
 Total 760,416 3.34 (3.17–3.51) 1,038 3.94 (3.38–4.50)
Discharged MVC-Related Visits^
 <18 102,586 0.45 (0.43–0.48) 138 0.55 (0.41–0.70)
 18–64 545,611 2.38 (2.25–2.51) 755 2.85 (2.42–3.29)
 ≥65 40,598 0.18 (0.17–0.19) 51 0.22 (0.14–0.30)
 Total 688,795 3.00 (2.85–3.16) 944 3.63 (3.10–4.15)
NEDS = Nationwide Emergency Department Sample; NHAMCS = National Hospital Ambulatory Medical Care Survey; MVC = motor vehicle
collision
*
ICD-9 injury code indicating motor vehicle collision (E810–E819.9)
^
Excludes patients whose disposition was “transferred” or “died in ED.”
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Table 2
Characteristics of Adult MVC-Related US Emergency Department Visits, by Age Category, NHAMCS 2004–
2008.
Characteristic
Weighted Proportion, % (95% CI)*
Age 18 to 64 (N = 4,486) Age ≥ 65 (N = 369)
Sex
 Male 49 (47–51) 43 (37–49)
 Female 51 (49–53) 57 (51–63)
Race
 White 69 (66–72) 81 (76–86)
 Black 28 (25–31) 15 (10–19)
Arrival by ambulance 42 (40–45) 55 (48–61)
Arrival at night^ 22 (20–23) 12 (8–17)
Pain location†
 Head¥ 14 (12–15) 14 (9–19)
 Neck 22 (21–24) 21 (15–26)
 Chest 6 (5–7) 16 (11–20)
 Back 23 (21–25) 13 (9–17)
 Lower extremity 13 (11–14) 12 (7–16)
Pain severity
 None 8 (6–9) 12 (7–17)
 Mild 12 (11–14) 17 (11–22)
 Moderate 32 (30–35) 28 (22–34)
 Severe 28 (26–31) 19 (13–25)
 Not reported 19 (17–21) 24 (18–30)
*
Weighted proportions refers to age specific proportions, using the survey weights provided by NHAMCS.
^
ED arrival between the hours of 9 p.m. and 6 a.m.
†
Derived from reason for visit classification codes, not mutually exclusive.
¥
Includes eye, ear, mouth, tongue, throat, nose, and sinus pain.
NEDS = Nationwide Emergency Department Sample; NHAMCS = National Hospital Ambulatory Medical Care Survey; MVC = motor vehicle
collision
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